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ABSTRACT 


Testing  was  performed  to  determine  the  useful  shelf/service  life  for 
LGM-30  Stage  I Rocket  Motors.  A three  year  storage  program  for  propel- 
lant and  components  was  started  in  May  of  1961.  This  program  was  then 
extended  to  a ten  year  study  and  later  continued  indefinitely  to  assure 
that  a deterioration  in  motor  physical  characteristics  could  be  detected 
in  time  to  take  some  corrective  actions  before  the  weapon  system  performance 
deteriorated  below  an  acceptable  level. 

This  report  covers  only  propellant  data  and  limited  case  bond  data. 

The  mal-function  of  an  environmental  chamber  and  the  inadvertent  burning  of 
motors  during  dissection  destroyed  component  samples  that  had  originally 
been  part  of  this  testing  program.  Dissection  of  selected  motors  in  the 
future  will  provide  samples  for  continued  component  testing.  Test  specimens 
for  this  reporting  period  were  obtained  from  motors  STM-012,  0012099,  0012199 
and  UP 7775  block  propellant. 

The  data  from  this  test  period  are  combined  with  data  from  previous 
testing  and  entered  into  the  G085  computer  for  storage,  analysis,  and 
regression  analysis.  From  the  statistical  analysis  of  all  data  tested  to 
date,  significant  degradation  of  the  propellant  does  not  appear  likely  for 
at  least  two  years  past  the  oldest  data  point. 


Future  testing  will  be  conducted  on  dissected  motors. 
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GLOSSARY  OF  TERMS  AND  ABBREVIATIONS 


Aging  Trend 

CSA 

DB 

Degradation 

E 

EB 

EGL 

er 

"F"  ratio 


JANNAF 
MAN  CP 
Ogden  ALC 

r or  R 

Regression 

Equation 

Regression 

Line 

sb 


A change  in  properties  or  performance  result- 
ing from  aging  of  material  or  component 

Cross  Sectional  Area 

Dogbone 

Gradual  deterioration  of  properties  or  performance 

Modulus  (psi) , defined  as  stress  divided  by 
strain  along  the  initial  linear  portion  of  the 
curve. 

End  Bonded 

Effective  Gage  Length 
Strain  at  maximum  stress 
Strain  at  rupture 

The  ratio  of  the  variance  accounted  for  by  the 
regression  function  to  the  random  unexplained 
variance.  The  regression  function  having  the 
most  significant  "F"  ratio  is  used  for  plotting 
data.  The  ratio  is  also  used  in  detecting  signi- 
ficant changes  in  random  variation  '-'.tween 
succeeding  time  points 

Joint  Army,  Navy,  NASA,  Air  Force  Committee 

Propellant  Lab  Section  at  Ogden  Air  Logistics  Center 

Ogden  Air  Logistics  Center,  Air  Force  Logistics 
Command 

The  Correlation  Coefficient  is  a measure  of  the  degree 
of  closeness  of  the  linear  relationship  between  two 
variables 

The  general  form  of  the  regression  equation 
is  Y ■ a + bx 

Line  representing  mean  test  values  with  respect 
to  time 

Standard  error  of  estimate  of  the  regression 
coefficient 
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GLOSSARY  OF  TERMS  AND  ABBREVIATIONS  (cont) 


Se  SY.X 

Sra 

Sr 

S tandard 
Deviation  (Sy) 

Strain  Rate 

"t"  test 

Variance 
3 Sigma  Band 

90-90  Band 


Standard  deviation  of  the  data  about  the 
regression  line 

Maximum  Stress 

Stress  at  rupture 

Square  root  of  variance 


Crosshead  speed  divided  by  the  EGL 

A statistical  test  used  to  detect  significant 
differences  between  a measured  parameter  and  an 
expected  value  of  the  parameter  (determines  if 
regression  slope  differs  from  zero  at  the  95X 
confidence  level) 

The  sum  of  squares  of  deviations  of  the  test 
results  from  the  mean  of  the  series  after  divi- 
sion by  one  less  than  the  total  number  of  test 
results 

The  area  between  the  upper  and  lower  3 sigma 
limit.  It  can  be  expected  that  99.73%  of  the 
inventory  represented  by  the  test  samples  would 
fall  within  this  range  assuming  that  the  popu- 
lation is  normally  distributed. 

It  can  be  stated  with  90%  confidence  that  90%  of 
the  inventory  represented  by  the  test  samples 
would  fall  within  this  range  assuming  that  the 
population  is  normally  distributed 
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INTRODUCTION 

A.  PURPOSE: 

This  report  contains  test  data  from  samples  of  LGM-30  Stage  I,  Wings 
I-V  TP-H1011  propellant  and  case  bond  specimens.  Testing  was  performed 
by  the  Propellant  Laboratory  Section  (MANCP)  for  the  Engineering  and 
Reliability  Branch  of  the  Airmunitions  Management  Division  (MMWRM)  under 
Project  M72632-5MP116P.  This  report  is  the  eighth,  in  this  series.  Data 
from  this  test  period  and  propellant  test  data  from  the  seven  previous 
reports  were  entered  into  the  G085  computer  for  regression  analysis.  The 
regressions  are  shown  in  this  report. 

B.  TEST  PROGRAM: 

The  LGM-30  Laboratory  and  Component  Program  includes  the  testing  of 
materials  used  in  the  main  case,  aft  closure,  ignition  assemblies,  and 
main  grain  propellant.  This  report  covers  TP-H1011  propellanf  and  case 
bond  specimens.  Table  I shows  the  test  program. 

Propellant  for  testing  was  obtained  from  three  dissected  motors,  STM-012, 
a motor  prepared  by  Thiokol  specifically  for  dissection,  S/N  0012099,  a SLIM 
motor,  and  motor  S/N  0012199  selected  from  the  inventory  for  dissection 
and  UP-7775  block  propellant. 

C.  HISTORICAL  BACKGROUND: 

In  may  1961,  Thiokol  began  a three  year  LGM-30  laboratory  storage  and 
test  program  to  determine  the  rate  of  degradation  with  age  for  Stage  I 
materials.  During  June  1962  and  again  in  August  1963,  additional  samples 
were  stored.  New  samples  were  added  in  July  and  August  1964  when  the 
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surveillance  testing  program  was  extended  to  ten  years  (Test  Plan  0717- 
62-0967,  53-8).  Carton  block  propellant,  batch  UP-7775,  containing 
TP-H1011  propellant  cast  in  March  1962  was  added  to  the  program  in  1964. 

Samples  added  to  the  inventory  in  1964  were  considered  to  be  a new 
population,  but  were  combined  in  regression  analysis  with  the  three  dis- 
sected motors.  The  history  of  testing  of  these  materials  is  found  in 
MQQP  Report  Nrs.  108A(67),  144(68)  and  MAGCP  208(71).  Physical  transfer 
of  the  specimens  from  Thiokol  to  Ogden  ALC  was  made  in  June  1967. 
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TABLE  I 
TEST  PROGRAM 

All  Temperatures  In  Fahrenheit 


STM-012,  SN  0012099,  SN  0012199,  UP-7775 


Test 

Conditions 

Spec/Cond 

Spec  Conf 

Tensile 

77°,  2.0  & 
20  in/min 

5 ea 

JANNAF 

Dogbone 

Creep 

77°,  10  & 
12  lb  load 

2 ea 

JANNAF 

Dogbone 

Stress  Relax 

77°,  3 & 52 
strain 

3 ea 

1/2"  x 1/2" 
x 4" 

Hardness 

77°,  initial 
& 10  sec 

5 ea 

Dogbone  ends 

Burning  Rate 

77°,  500  & 
1,000  psi 

5 ea 

.156"  x .156" 
x 5" 

Ignitability 

77°,  168  cal/ 
cmvsec 

0.050"  wafer 

UP 7 7 75  propellant  was  not  Included 

in  the  following  tests: 

High  Rate 
Tensile 

77® , 1,000 
in/ in/min 

5 ea 

3/4"  GL  Dogbone 

Triaxial 
High  Rate 

77°,  1,000 
in/ in/min , 600 
psi 

2 ea 

3/4"  GL  Rail 

Dynamic 

Response 

77®,  70  gm 
ct  wt 

2 ea 

3.3"  x .33"  x 
.690  disc 

Failure 

Envelope 

Temp;  -50,  -20®  3 ea 

10®,  40®,  77®,  130® 

& 180®F  at  a rate 
of  0.2,  2.0  & 20 
in/min 

JANNAF  Dogbone 

STM-012  and  SN 

0012199  only  were  included  in 

the  following  test: 

Case  Bond  Tensile 

77®,  0.2  in/min 

10  ea 

1"  x 5/8"  x 3/4' 
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STATISTICAL  APPROACH 


In  order  to  determine  aging  trends  for  shelf /service  life  pre- 
dictions, available  TP-H1011  propellant  data  from  three  dissected 
motors  (STM-012,  0012099  and  0012199)  and  TP-H1011  block  carton 
propellant  from  batch  UP-7775  were  statistically  analyzed  and  re- 
ported. 

Although  batch  UP-7775  is  not  representative  of  any  of  the  three 
dissected  motors,  the  propellant  was  provided  to  the  laboratory  to 
increase  the  extended  life  of  the  dissected  motor  program  from  three 
years  to  10  years.  Due  to  insufficient  data  from  UP-7775  testing, 
comparability  testing  between  dissected  motor  data  and  block  data 
were  not  performed  individually,  but  were  combined  into  one  regression 
analysis.  When  sufficient  data  are  available,  separate  analyses  will 
be  performed  to  determine  if  differences  exist  between  the  original 
dissected  Motor  (STM-012),  the  two  additional  dissected  motors  (0012099 
and  0012199),  and  UP-7775  carton  propellant. 

The  primary  reason  for  performing  statistical  analysis  on  test 
data  is  for  the  detection  of  propellant  changes  due  to  aging.  The 
method  of  analysis  called  regression  was  used  to  examine  data  and 
to  draw  meaningful  conclusions  about  dependency  relationships  that 
may  exist  i.e.,  relationship  between  age  versus  test  results. 

In  selecting  the  best  fit  model  for  the  regression  equation, 
six  models  were  fitted  to  the  data  (see  regression  models  at  the  end 
of  this  statistical  approach).  The  linear  model  Y ■ a + bX  was  found 
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to  be  the  best  fit  model  for  the  regressions  in  this  report.  By 
using  the  best  fit  model,  the  regression  line  becomes  a more  accurate 
predictor  of  future  trends. 

Individual  data  points  from  different  time  periods  were  used  to  estab- 
lish a least  squares  trend  line  for  the  data.  The  variance  about  the 
regression  line,  obtained  using  individual  values  of  the  dependent  vari- 
able, was  used  to  compute  a tolerance  interval  such  that  at  the  90%  con- 
fidence level  90%  of  the  sample  distribution  falls  \ lthin  this  interval. 
This  tolerance  interval  was  extrapolated  to  a maximum  of  24  months  into 
the  future  from  age  of  the  oldest  motor  tested.  The  't'  values  and  the 
significance  of  this  statistic,  which  are  reported  for  each  regression 
model,  give  an  indication  of  the  "statistical  significance"  of  the  slope 
of  the  trend  line  as  compared  to  a line  of  zero  slope.  Data  were  plotted 
by  computer.  The  ’y’  axis  is  computed  so  that  the  values  at  one  inch 
intervals  are  peculiar  to  the  data  spread  of  the  parameter  tested.  Plotted 
data  points  represent  means  at  the  particular  ages  at  which  testing 
occurred.  The  number  of  specimens  at  each  age  point  is  indicated  on  the 
sample  size  summary  sheet  accompanying  each  regression  plot.  Variance 
at  each  test  age  can  be  determined  by  consulting  the  G085  data  storage 
system. 

A comparison  of  the  slopes  of  the  regression  trend  lines  and  their 
Y - axis  intercepts  found  in  the  regression  equation  was  performed.  Of 
the  tests  common  to  this  test  period  and  the  last  test  performed  (MANCP 
Report  Nr  341  (76)),  the  following  observations  were  made:  There  has  been 

an  average  increase  of  22%  in  the  number  of  total  samples  tested.  16.7% 
of  the  aging  trend  lines  have  become  flatter  or  closer  to  a line  of  zero 
slope  which  indicates  less  change  due  to  age;  28.6%  of  the  aging  trend 
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lines  show  more  change  although  the  changes  are  gradual  and  no  operational 
problems  are  expected  at  this  time;  and  54. 8Z  of  the  aging  trend  lines 
show  no  change  from  the  last  test  period. 


TEST  RESULTS 


Regression  analysis  Is  the  method  of  evaluation  used  In  the  analysis 
of  the  test  results. 


A.  TENSILE: 

Low  rate  (2.0  in/mln)  tensile  testing  data  shows  a statistically 
significant  decrease  for  strain  at  maximum  stress  and  no  trend  for 
strain  at  rupture.  The  maximum  stress  shows  no  trend  with  the  stress 
at  rupture  showing  a statistically  significant  decrease.  Modulus  shows 
a statistically  significant  Increase  (Figures  1 thru  5). 

For  low  rate  tensile  at  20  ln/mln  regressions;  a statistically  sig- 
nificant decrease  is  shown  for  strain  at  maximum  stress  and  stress  at 
rupture.  Maximum  stress,  strain  at  rupture  and  modulus  shows  no  sta- 
tistically significant  trend  (Figures  6 thru  10). 

The  high  rate  strain  at  maximum  stress  shows  a statistically  sig- 
nificant decrease  and  the  maximum  stress  a statistically  significant 
increase  (Figures  11  & 12).  In  both  cases, the  change  is  gradual  which 
indicates  that  the  propellant  as  measured  by  this  test  parameter  is  not 
changing  rapidly  with  age.  Strain  at  rupture,  stress  at  rupture  and 
modulus  do  not  show  a statistically  significant  change  (Figures  13,  14 
and  15) . 

High  rate  triaxial  testing  shows  a statistically  significant  Increase 
for  strain  at  maximum  stress,  maximum  stress,  strain  at  rupture  and  stress 


at  rupture  (Figures  16  thru  19).  The  strains  regression  show  a rapid 
increase,  however  on  examining  the  regression  the  sample  size  is  still 
very  small  and  the  data  from  the  72  month  test  period  appears  to  be 
weighting  the  regression  line.  Future  testing  may  show  a slope  closer 
to  zero.  The  modulus  shows  a statistically  significant  decrease  (Figure 
20). 

Case  bond  tensile  shows  a statistically  significant  decrease  (Figure 
21),  however,  the  change  is  gradual.  The  failure  mode  for  STM-012  was 
100%  liner  to  propellant  for  five  specimens,  50%  liner  to  case  and  50% 
liner  to  propellant  for  one  specimen,  and  for  one  specimen  100%  bond- 
ing failure. 

B.  CREEP: 

Creep  compliance  using  the  10  lb  load  shows  a statistically  sig- 
nificant decrease  at  10  and  20  second  and  no  significant  change  at 
one  thousand  and  ten  thousand  seconds.  For  the  10  and  20  second 
resultSj  the  slope  of  the  regression  curve  is  gradual.  The  12  lb  load 
results  do  not  show  a statistically  significant  change  (Figures  22 
thru  29). 

C.  STRESS  RELAXATION: 

Stress  relaxation  modulus  for  both  3 and  5%  strain  shows  no  sig- 
nificant trends  (Figures  30  thru  37). 
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D.  CONSTANT  STRAIN: 


A statistically  significant  decrease  Is  shown,  but  as  with  the  High 
Rate  Trlaxial  Tensile  test  the  72  month  test  data  appears  to  be  weighting 
the  regression  line  (Figure  38) . 


E.  SHORE  HARDNESS:  „ 

The  shore  A ten  second  hardness  shows  no  change  (Figure  39) . 


F.  BURNING  RATE: 

A statistically  significant  decrease  Is  shown  for  both  the  500  and 
1,000  psi  Initial  pressure  testing  (Figures  40  and  41). 

G.  HEAT  OF  EXPLOSION: 

No  significant  change  is  seen  for  heat  of  explosion  (Figure  42). 

H.  IGNITABILITY : 

No  significant  change  is  seen  In  the  regression  (Figure  43). 

I.  DIFFERENTIAL  THERMAL  ANALYSIS  (DTA) : 

The  endotherm  and  first  exotherm  do  not  show  a change  (Figures  44 
and  45).  The  Ignition  temperature  shows  a statistically  significant 
increase  (Figure  46) . 

J.  FAILURE  ENVELOPE: 

Failure  envelopes  for  STM-012,  0012099  and  0012199  test  data  are 
shown  in  Figures  51,  52  and  53  respectively. 


CONCLUSIONS 


The  tesc  results  show  that  under  present  storage  conditions,  the 
physical/mechanical  and  combustion  properties  of  the  propellant  are 
remaining  relatively  unchanged  with  age. • 

From  this  analysis,  it  does  not  appear  that  any  significant  degradation 
will  occur  in  the  propellant  within  the  next  two  years. 
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RECOMMENDATIONS 


f 


It  is  recommended  that  continued  testing  be  conducted  on  the 
three  dissected  motors  and  UP-7775  block  propellant  presently  being 
tested  and  also  on  those  motors  selected  for  testing  by  Service 
Engineering.  On  those  motors  selected  for  future  dissection,  testing 
will  include  propellant,  casebond  and  component  materials. 


OJ  LO  CyJ 

ooo 

I I I 
UJUJUJ 
0(0  00 
(Oa'ifl 

0)00  T- 

oor-0)  £ 

OOifOO 
(00(0  > 
co  — co 
• • • 

C\J  sa*  C\J  " 
+ + + ^ 


pi  •»  m m m oo 

CM 


n-  O'  o n.  oo  m 
in  m »o  ic  no  n- 


if  • 

* U(fun 


— cntncn  n 
+ M il  il  x: 

Oo 

-iuCjO 

UJ 

— U-  U-  U.  UJ 
OCCDC, 

I u-  p- 

UJldUJW  “■ 
<JDOOCJU_> 
0>  Z Z 2 D “• 
oiaat 

— uoocoSj 

— Il-  U.  U-  UJm 

aHWMIE  ® 

■2Z20J 

c\j  o o o uj 

+•  — „ 

CO  CO  CO  " 


0 — 0 Z 

y-  ooo  £ 

UJUJUJ  s 

ooo»n>  H 
a)  r-r- 
cor- 1/>  ^ 

IPO—  W 
o — CO  OD  2 

Ocmco  — 5 

cor- it  c\ig 

CO  — CM  £ 
+ I ♦ 10 

II  II  II  II 


>s 

U 

<T3 

05 

6 

<D 

E 

rH 

3 

P« 

cn 

Z 

§ 

<u 

C/5 

N 

CO 

05 

a) 

0) 

rH 

00 

4J 

O* 

< 

c 

e 

o 

«o 

e 

c/5 

voMNininiOMnininininMinooininnNPiOPi 

PM  CM  i— I — — 


-3-  piincMN'ii-M'oooictoPiopiinO'jin'OO'ONPi 
int-r-ooaiaiO'OOOHHn/PiPiPi'j-j-j'jMininin 


ge’o  SPo  ow 9ro  grcP 

NI/NI  = 3dASb3N  30  lINfl 

SS3fc)iS  XbW  lb  NlbdlS  = d313Nbdbd 


- 12  - 


ft*  ••  -■p%,r 


AGE  AT  TEST  (YEARS) 

STAGE  1 OISSECTEO  MOTORS. LOH  RATE  CHS=2.0  IN/M IN. STRAIN  MAX  STRESS 


OCMO 
OOO 
+ 1 + 
UJUJUJ 
r-cnco 
co  cm  in 

(0 

fl 

cn  — co 
|M-0  0 

r 

l a 

03(0 

u_ 

2 0 

in  coin 

CO 

cn 

i 

3'=f  =f 

CL 

£ 

a>  — co 

Li 

CO 

■*■  + + 

h 

a)  x 
00 

X II  II  II 
x °cncn 

CD 

X 

a 

< mmiftco 

CM 


» om»  m 

in  \C  VO  M3  l-» 


cm 

Ohhh-  g g 
1 z Z Z 2 1 

u/cr  cr  cr  £ 3 

co  u <->u  J~  5/5 
CT>  •— • •— • • ZZ  oj 
2fU_U.ll.  ° N 
(Dmhm  * rl 

r^zzzcoS  w 

(flUUQ-u  ,u 

• co  co  cn  !T  o. 

— ft  e 


'fi'CNinmieMninininin^inoininininNinooin 

CM  CM  — r-l  pH 


•»comcMr^'»r»>a-vooo'OoocoocnmO'9-iniooNOcMcni 

mNN®#9i9iooOHHNO(nn<j^-i^srininin 


+ II  II  II  Z 

o 

-u.it:  -o 

UJ 

OJU.U_U.UJ 

ooooc. 
+ u_£ 

uj  uj  uj  uj  F 
cnoucj  u.  > 
4ZZZDS 
cna:  cr  cr  * 
-uuumii 

<0  M *H  *H  UJ  ~ 

mu.u_u.ujQ, 

hmhhJCiI 
• ZZZOt 
^OOOlUu’ 

1‘MHMO 

CO  CO  CO  " 


— OJ— 

-ooo  s 
III  “ 
UJ  UJ  UJ  = 
CM  — CO  g 

inoo 
d-corf  ^ 
coono  “ 

CO  CM  CM  03  >2 

0)03*  — 5 
CM  03  in  CM  F 

o-inco  £ 

II  II  II  II 

u_  cc  - z 


00*091  00*091 


OO'Olil 

ISd 


* X* 

X x> 


X X 


00*021  00*001  00‘Orf3 

= 3dnSd3W  30  1IND 


SS3U1S  wnwixuw  = d313Wdddd 


- 13  - 


STAGE  1 DISSECTED  MOTORS,  LOW  WE  CHS=2.0  IN/MIN, MAXIMUM  STRESS 


o 

o 


3ynidny  id  Nidyis  - y3i3Wdydd 

- 11  - 


STAGE  1 DISSECTED  MOTORS. LOW  RATE  CHS=2.0  IN/M  IN, STRAIN  AT  RUPTURE 


r - U *1. 12631 2UE-K12  1 «■  ( -H. 5072378E-02  1 * X7 
708699UE+00  SIGNIFICANCE  OF  F = SIGNIFICANT  <rr=  *8.35l3283E+00 

09734914E-01  SIGNIFICANCE  OF  R = SIGNIFICANT  Sm=  . 4H65383E-02 

1 158786E+00  SIGNIFICANCE  OF  < = SIGNIFICANT  3«=  *8. 18H9053E+00 

213  OEGREES  OF  FREEDOM  = 211 


STAGE  1 DISSECTED  MOTORS, LOW  RATE  CHS=2.0  IN/M IN . STRESS  AT  RUPTURE 


T -11  +9.8720917E+02  J + ( +9. 2859318E-01  J * X) 

. 8640939E+00  SIGNIFICANCE  OF  F = SIGNIFICANT  +2. 1838088E+02 

. 7215393E-01  SIGNIFICANCE  OF  R = SIGNIFICANT  S,=  +3. 8346438E-01 

. 4215891 E+OO  SIGNIFICANCE  OF  t = SIGNIFICANT  S» = +2 . 1 567995E+02 

194  DEGREES  OF  FREEDOM  = 192 


STAGE  1 DISSECTED  MOTORS. LOW  RATE  CHS=2.0  IN/M  IN, MODULUS 


o 

o 


OJUIOJ 

ooo 
I I I 
UJUJUJ 
OJOJO 

o =r 
or»co 
<\j  — co 

00  <30  CD 

cnr--* 

CJCDCVJ 

OOOOOJ 
4-  4-  4- 


X II  II  II 

x °<n«o 

ao 

z 

C£ 

II 

a> 

CO 

u 

03 

0) 

0 

1 

z 

o 

Ml 

i 

rH 

Xt  cx 
55  6 

UJ 

OJ 

1 — 

i 

C/3 

§ 

C/5 

— •!—  1-  1— 
r-zzz 

a 

(1) 

N 

•H 

coaaa 

o 

00  ooo  CO 

^ MMM 

o 

CO 

03 

0)  4= 

CD  L_  U_  U_ 

• MM  Ml 

1— 

CO 

UJ 

I— 

0) 

fH 

00  4J  1 

< c 

OJZZZ 

CX 

£ 

§ 

1 OOO 

MMM 

<d 

CO 

'-'<n<n<n  n 
4-  ii  ii  it  z 

D 

^u.(E  "'o 
u 

U_  U_  U_  Ul 
OODC£r 

uiujuiui  F 
(flOUOlL, 

ojzzzoi 
tnaaoc  £ 
«uau<oii 

IpMIMIMI  UJ 
CT>U_U_U_UJ_ 

oo  i-1  cc  S 

• ZZZOJ 

ojooouiu- 

4-  '-"-"-"O  i, 
cococo  11 


O-tO 

>-ooo 

+ I 4 
UJUJUJ 

«o=*r- 
-■  ooco 
aun  co 

a>ojin 


UIUM1!  i.  | 

a>COlO  W 

OOOhS 

cnr-o-jg 

co  coco  jr 

4-14- 

II  II  II  II 

u_oc  -*  z 


u a.N<OMioioic<o<Oino<CMA<fnM<no<nu3r~<riMO® 


X 

x*  \ 


o 

CO 

CO 

UJ 

CC 

1— 

o 

CO 

• 

.3* 

X 

0J 

a: 

O — V 

z 

z 
1 — 1 
CC 
CC 

ocn 

1- 

dec 

co 

oj  CC 

z 

LU 

1— « 
z 

9e*o 


28*0 


82*0 

NI/NI 


TiS  *0  02*0  91 

= 3ynSb)3W  JO  UNO 


ss3yis  xhw  iw  Niyyis  = y3i3wyytid 


- 17  - 


Y = (C  + 1 . 543£5!43E-r  02  1 * ( -6.  H005U30e-02  1 * X) 

73y0ti97E+0C  SIGN JF ICRNCE  OF  F = NOT  SIGNIFICANT  crr=  + i , 2039019E+01 
2293756E-01  SIGNIFICANCE  OF  R = NOT  SIGNIFICANT  S.=  8605S69E-02 
3168332E+00  SIGNIFICANCE  OF  t = NOT  SIGNIFICANT  S*  = . 2000R7SE+01 


STAGE  1 DISSECTED  MOTORS, LOW  RATE  CHS=20.0  IN/M  IN, MAXIMUM  STRESS 


STAGE  1 DISSECTED  MOTORS, LOW  RATE  CHS=20.0  IN/MIN, STRAIN  AT  RUPTURE 


C\JO<\J 

ooo 

4»  4-  4- 
UJUJbJ 
zj'tfir- 

<0  r-w 
— o® 

OJflOcM 
(or^H 
rf  — 3* 
• * • 
sfcvja1 
+ + + 

x II  II  II 

ij  » » 


o 

O I — I — I— 
4-  ZZZ 

uiacr  <r 

r-uou 

CNJ  »-*  >— < •— ■ 
CDU.U.U. 

(7)  i_ 

(DZZZ( 

OJUDOI 

• cntncn 

co 

i t—  t—  ►— 
ODD 


NiflNiA'S'OsfncNnwnuiNinisfioo 


Nr>^i*i(*iiflsrinicoiONoiNor'OOin 

oooNOCNCO<o-3-<f-'a,-a-iouiioiO'£>v£>\Or^ 


+ II  II  II  z 

o 

~U_0C  -o 
UJ 

COU.U_U.UJ 
O D O O <C  -T- 
+ U.£ 

uj  uj  uj  uj  r- 
COOCJOU_f> 
ODZZZD^ 

coaaza 

aoouucor; 

(lj  ~ 

inU.U_U.UJm 

.zzzot 

CJOOOUJ^ 
fMMMO „ 


o — o r" 

>-  OOO  m 

+ i + s 

UJ  UJ  UJ  £ 

<\io>w  rj 
cooo 
oxoin  ^ 
<o  <d  o }y 
<uc\Jinoif 
r>incoooS 
r-®<D  £ 

CJ--  £ 
4-14-  V‘ 


/*  X 

fX  XX  * 


00*00*  00*029 

*01* 


00*0*2  00*091  00*09  00*(P 

isd  = 3ynsu3w  jo  iinpi 
sninaow  = ydiswuyud 


- 21  - 


STAGE  1 DISSECTEO  MOTORS. LOW  RATE  CHS=20.0  IN/MIN . MODULUS 
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STAGE  1 DISSECTEO  MOTORS. HIGH  RATE  CHS=17S0  IM/MIN, MAXIMUM  STRESS 
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STAGE  l OISSECTEO  MOTORS. HIGH  RATE  CHS=1750  I N/M IN, STRAIN  AT  RUPTURE 

Figure  13 


ooo 

4-  I *■ 
UJUJUi 

niAO 

OB  in  — » 
CO  COOS 
toento 
• « • 
(n-ien 
♦ ♦ * 

X II  II  II 

«S«W? 


OM-l-  5 

u!ac  2 

SSSS  £ 

inu.u.u.  2 
oizzzaR 

011300®° 
•CO®  <0  ^ 

ooo  •“ 

WZZZ  II 
4-  II  II  II  Z 

~u.c  **o 

bJ 

CUU.U.U.UJ 
OOOOC- 
4>  U = 

UibJUJIU  X 
lflUOUU.> 


crzzzo^ 
HCCC  X 
WUUU51 “ 

O M M M tii 

sru.u.u.um 

■ ZZZ(9± 
(MOUOW1 

«ocncn  " 


>•000  2 
iii  2 

UJUJUJ  p. 

enato  ° 
o>-o  . 
tn— <o  W 
— <ur"-.2 
-*~a>a>5 
cmo  in  £ 

• • • E_ 
oo-ob  £ 

4>  * 4'  01 

II  II  II  II 
U»«C~*Z 


OHOnninNO'iCcoHrtH^oo 

«NCOCOOlOOOrlH(<l^iniOlfl 


00  *09S  00  *08ti 


OO'OOh  00*026  OO'OTiS  00*09P 

ISd  * 3Un9B3W  30  UNfl 


synidny 


SS3U1S  = U313MUtiBd 


- 25  - 


00  2.00  4.00  6.00  8.00  10.00  12.00  14.00 

AGE  RT  TEST  (TERRS) 

STAGE  1 OISSECTEO  MOTORS. HIGH  RATE  CHS- l 750  I N/MfM, STRESS  AT  RUPTURE 
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DISSECTED  TP-H1011.H.R.TRIAXIAL  CHS=L750  IN/MIN.600  PSI. STRESS  AT  RUPTURE 
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CASEBOND  TENSILE.  STAGE  1 DISSECTED.  CHS  0.2,  CSA  0.75 
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0ISSECTE0  MOTOR  TP-HIOLU  CREEP  10  LB  LORD. COMPLIANCE  AT  10  SEC 
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OISSECTEO  MOTOR  TP-H101 1 . CREEP  10  LB  LORO, COMPLIANCE  AT  1000  SEC 
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0ISSECTE0  MOTOR  TP-H1011 . CRECf  1C  LG  LOfiC, COMPLIANCE  AT  10,000  SEC 


DISSECTED  MOTOR  TP-HIOU . CREEP  IZ  LB  LORD, COMPLIANCE  AT  10  SEC 
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DISSECTED  MOTOR  TP-H101 1 , CREEP  12  LB  LORO, COMPLIANCE  AT  1000  SEC. 
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TP-HIOU  OISSECTEO  MTRS,  STRESS  RELAXATION  MODULUS,  3 PERCENT  STRAIN,  100  SEC 
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STAGE  1 DISSECTEO  MOTORS,  BURNING  RATE  AT  500  PSI  INITIAL  PRESSURE 
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